Food diversity versus breastfeeding choice in determining anthropometric status in rural Kenyan toddlers
a Kristine G Koski a and Katherine L Tucker b Background Prolonged breastfeeding in developing countries is routinely recommended as a valuable and cost-effective public health measure to promote early childhood growth. However, the effects of breastfeeding beyond 12 months are unclear, with some studies showing positive, and some showing negative effects. The role of complementary foods for children 1-3 years has been less studied.
Methods
We examined feeding behaviour and illness data in relation to anthropometric status among 154 rural western Kenyan children, aged 12-36 months.
Results
There was little difference in anthropometric status between partially breastfed and fully weaned children. Rather, dietary diversity (number of different foods consumed) was strongly and consistently related to anthropometric status in this age group. In addition, early complementation with starchy gruels was associated with stunting.
Conclusions Public health efforts which focus only on prolonged breastfeeding (>12 months) in developing countries will not ensure adequate early childhood growth. Important complementary feeding recommendations that promote diet diversity, through the inclusion of a variety of foods in the diets of children in the 1-3 year age group, are needed.
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Exclusive breastfeeding is currently recommended in developing countries for the first 4-6 months. With appropriate complementary food, the continuation of breastfeeding is recommended 1, 2 for up to 2 years or more. Prolonged breastfeeding has been associated with improved child survival in some studies. 3 " 5 However, the value of breastfeeding for nutritional status beyond 12 months has recently been questioned. Some studies have shown no benefit to nutritional status, 34 and others have shown poorer nutritional status among breastfed versus fully weaned children aged 12 months or older.
6 " 10 Two reports on subSaharan African children suggested that the negative association is strongest between 12 and 24 months." 12 Caulfield et al. xl have hypothesized that mothers in sub-Saharan African and some other countries may be more likely to continue Many studies on prolonged breastfeeding and nutritional status have controlled for maternal and household confounders, but few have carefully examined the role of non-breast milk food intake among breastfeeding children aged 12 months or older, although several have noted that complementary foods play an important role. Low food intake in Mali 14 and low energy intake in Ghana 7 have been associated with prolonged breastfeeding. A positive association between intake of complementary foods (yes or no) and weight for height was reported in Yemeni toddlers, 12-23 months old. 15 Chinese children (12-47 months old) whose complementary diets consisted of 3>3 food groups at 12 months had better height for age scores compared to those provided with <3 food groups. 16 Cousens et al} 1 found that when prolonged breastfeeding was accompanied with complementary solid foods, there was a reduction in clinical malnutrition in Burkina Faso. In this study, we examine the relationship between prolonged breastfeeding, diversity of weaning food use, and the timing of introduction of complementary foods with anthropometric measures of nutritional status among 154 children aged 12-36 months in a rural district in western Kenya.
Methods
Data were collected in September through November, 1988 from families which included both parents or defacto female heads of household in six villages in Busia district of western Kenya. A door-to-door survey of all village households identified 194 children in the target age range of 12-36 months. All were invited to join the study. Only one household refused. Another was excluded due to a congenital malformation. Another 38 had incomplete data, (most because of missing visits due to extended visits to relatives outside the study location), leaving 154 with complete data for this analysis. Comparison of basic demographic data did not show differences between those with or without complete data. Details of the field methodology have been published. 18 Breastfeeding status was ascertained at the second visit, along with anthropometric measurement. Three non-consecutive 24-hour dietary recall interviews were used to describe food intake for all study children. Mothers verbally reported all foods and beverages consumed by the child along with recipes for each prepared food item and proportions consumed by the child. Older siblings helped to report foods the child had consumed without the mother's observation. Frequency and quantity of breast milk intake were not estimated. Mothers were asked to recall when they had first introduced porridge, fruit and other foods into their children's diets, and if no longer breastfeeding, why. They were also asked to assess their child's appetite by indicating where it fell on a five-point Likert scale, from poor to excellent.
Dietary data were processed using the CANDAT nutrient analysis system. 19 Nutrient composition data for foods consumed in East Africa 20 ' 21 were incorporated into the program and used in the analysis of nutrient intakes by the children. Daily nutrient intake estimates were compared to the WHO/FAO recommendations for specified age categories. 22 A dietary diversity score was computed by counting the number of unique food items consumed by the child during each of the 3 days of recorded intake. The score used here is an average of the 3 days.
Information on parental and household characteristics was obtained by questionnaire interview. On each of the three visits, mothers reported whether or not the study child had been ill with diarrhoea or malarial fever during the past month, or since the previous visit, and how long the illness lasted. The intervals between the second and third visits varied from 2 weeks to a month for different households. Differences in study duration were, therefore, corrected by expressing days of illness for each child as a proportion of the total number of days of morbidity recall for each household.
Anthropometric measurements were taken according to United Nations procedures.
Mid-upper arm circumference (MUAC) measurements were taken with a standard arm band provided by Ross Laboratories (Columbus, Ohio) and triceps skinfold (TSF) measurements, with Lange skinfold calipers. Children were weighed on a hanging Salter (UK) scale. A length board was locally constructed following UN guidelines. 23 Supine lengths of all children who had not reached their second birthday were taken, while standing height was recorded for those who were over 2 years old. Precise birth dates were read from clinic cards kept by all except three mothers. Height for age (HA), weight for age (WA) and weight for height (WH) were interpreted according to the National Center for Health and Statistics (NCHS) reference standards, using the Anthropometric Software Package, prepared by the Centers for Disease Control. 24 Statistical analysis was done with SPSS for Windows (version 7.0). 25 Breastfeeding was defined as a dichotomous variable: partially breastfed (PBF) or fully weaned (FW)-no child was exclusively breastfed. Characteristics of the household, mother and child were compared across these two groups using general linear models, controlling child's age in months to obtain adjusted means. For dichotomous variables, adjusted comparisons were made using logistic regression. Logistic regression analysis was also used to determine the combination of factors associated with prolonged breastfeeding, and reasons for termination of breastfeeding before age 24 months, as reported by mothers, were summarized. The proportion of children in each group consuming individual food items was tallied in order to describe and rank the foods contributing to these weaning and postweaning diets.
Anthropometric measures (NCHS Z-scores for WA, HA and WH; actual measures for triceps skinfold and mid-upper arm circumference) were regressed on feeding and illness variables, adjusting for age of child, household income and mother's education. Breastfeeding at the time of measurement (no = 0 or FW; yes = 1 or PBF) was included in all equations. Other feeding variables included dietary diversity, early introduction of cereal (<4 months of age), late introduction of cereal (>6 months); and similarly, early and late introduction of fruits. Illness variables included the proportion of time ill with diarrhoea and of time ill with malaria during the study period. All these main effect variables were initially kept in the equation and interactions between each of them and breastfeeding status were allowed to enter, using a forward selection approach. In subsequent model reduction steps, interactions significant at P < 0.05 were kept, along with their component variables, child's age, household income and mother's education; the remaining main effect variables were tested and, if non-significant at P < 0.05, removed by backward elimination. Mean energy and nutrient intakes and anthropometric measures were then compared in analysis of covariance models by feeding status group and diet diversity level (* or >5), controlling child's age, household income and mother's education.
Results

Characteristics by feeding pattern
Ninety-eight (64%) of the 12-36-month-old children in this rural Kenyan sample were fully weaned (FW) and 56 (36%) were receiving breast milk (PBF) in addition to the consumption of other foods from the household diet. Ninety-four per cent of children aged between 12 and 17 months received breast milk. Termination of breastfeeding occurred most frequently between 18 and 23 months and within this range, 50% were FW and 50% PBF. Ten per cent of children over 24 months of age continued to breastfeed. 
Child variables
Dietary diversity Count of food items consumed/day, average of 3 days c Mother's rating from 1 = poor to 5 = excellent age, were compared using analysis of covariance. There were no differences between feeding groups for time iU with diarrhoea or malaria or by household headship; and although FW children tended to be male, to have fathers with more education and to live in households which spent more on food, these differences were not significant. Households with FW children had significantly more children under 5 years of age, a history of fewer child deaths, and younger, more educated mothers. Twentyeight mothers in our sample were currently pregnant and all of these had weaned their children. Diets of FW children had significantly greater diversity from non-breast milk foods; however, with the inclusion of breast milk, there was no difference in diversity score between the two groups. The appetites of FW children were rated by mothers as better than those of the PBF children.
These observations were further substantiated by multiple logistic regression of feeding status on the above socioeconomic and demographic variables. A final model included older age of the child, greater number of children in the family under 5 years, maternal pregnancy (all at P < 0.05) and younger maternal age (P < 0.1) as having independent significant associations with likelihood of being FW (data not shown).
Among those who were FW, 80% had stopped breastfeeding before they were 2 years old. The reported reasons for termination were subsequent pregnancy (54%), child refused or could not continue to breastfeed (13%), unspecified parental preference (11%), to get children to eat other foods (9%), insufficient milk (8%) and maternal illness (5%).
Non-breast milk food intake
Maternal recall of infant feeding practices suggested that exclusive breastfeeding was rarely practised beyond 3 months. Porridge was introduced during the first month of life for 23% of children, and by 4 months for 86%. Fruit was introduced between 3 and 6 months for the majority of children. About 15% of mothers reported giving fruit to their children before 3 months of age and, at the other extreme, about 15% delayed offering fruit until 12 months of age or later.
Gruel, prepared from one or a combination of maize, sorghum, millet and cassava flour, was a constituent of all children's diets (Table 2 ). Green leafy vegetables were used by 69% of the sample. Fewer children consumed fruits. Among the starchy staples, kidney beans contributed to the diets of 47% of the sample, and sweet potatoes to 40%. Fish, consumed by 39% of the children, was more commonly used than meat. Sugar was a regular component of most children's diets. Milk consumption, both fresh and sour, was reported for approximately half the children.
There were few obvious differences in food intake pattern between the two groups, and there were no foods confined exclusively to one group, despite the age differences associated with breastfeeding status. PBF children were slightly less likely to consume most food items; differences were greatest for bread, beef, dark greens, milk, cooking fat, fish, eggs and tea. Among the FW group, 82% of energy was derived from carbohydrate sources, with approximately 10% each from fat and protein. 48 (86) 45 (80) 43 (77) 14 (25) 33 (59) 14 (25) 6 (11) 5 (9) 25 (45) 22 (39) 3 (5) 18 (32) 15 (27) 3 (5) 6(11) 3 (5) 35 (63) 24 (43) 8 (14) 1 (2) Weaned (n = 98)
NO. (%)
87 (89) 81 (83) 81 (83) 23 (23) 73 (74) 31 (32) 15 (15) 12 (12) 47 (48) 40 (41) 22 (22) 43 (44) 35 (36) 22 (22) 15 (15) 15 (15) 64 (65) 55 (56) 25 (26) 11 (11) ' Number of children fed food item at least once during the three 24-hour recalls. Foods were reported if at least 10% of one group used them.
Associations with anthropometric status
Results from the regression analyses of anthropometric measures on food intake and illness variables are presented in Table 3 . The strongest result was that dietary diversity was consistently and positively associated with each of the five anthropometric outcome measures. Breastfeeding status was significant only as a component of interactions in the equations for TSF and MUAC. TSF was greatest among FW children with low diarrhoeal rates, in comparison with all others. MUAC was significantly greater with age among FW, but not PBF children; and was lowest among PBF children to whom cereal had been introduced before 4 months of age. Late introduction of cereal (>6 months versus earlier) was significantly and positively related to HA. Percentage of time ill with diarrhoea was negatively associated with WA, WH and TSF; malarial morbidity was negatively associated with MUAC.
Nutrient intake by feeding pattern
Mean percentages of WHO/FAO recommendations for nonbreast milk food intake of energy, protein, vitamin A, vitamin C, thiamin, riboflavin, niacin, iron and calcium are presented in Table 4 for the PBF and FW groups by level of dietary diversity (« versus >5). Of these nutrients, mean intakes were particularly low for vitamin A, riboflavin and niacin. Vitamin C intakes may be artificially high, due to the inclusion in the database of raw, rather than cooked values for many foods. Much of the vitamin C would be lost in the long cooking methods used by these families. Overall, PBF children consumed lower proportions of their requirements from these foods; differences were significant for all nutrients reported except vitamins A and C. It is not possible to comment on the overall adequacy of nutrient intakes by PBF children without estimates of breast milk contribution to the total. However, it is clear that dietary diversity plays a major role in the adequacy of intake among both feeding groups; differences by diversity were significant for all nutrients. Among the PBF, those with low dietary diversity had intakes from approximately 20% to more than 50% below those of PBF children with high diversity. Interactions between diversity level and feeding status were not significant for any nutrient, suggesting independent effects.
Anthropometry by feeding pattern
Mean anthropometric measures are presented by feeding status and diversity level in Table 5 . Mean levels for WA and HA suggest that malnutrition, particularly stunting, is a problem in this community, with most children falling between -1 and -2 Z-score. Mean WH Z-scores range from -0.7 to -0.05. There were no significant differences by breastfeeding status nor any significant interactions between feeding status and diversity level, although the interaction for HA approaches significance (P = 0.1); the FW with low diversity had the most stunting. Again, diet diversity level was strongly and consistently associated with all measures of nutritional status, regardless of breastfeeding status.
Discussion
Recognizing the importance of complementary feeding for growth in the older child, WHO and UN1CEF 2 recommend that, in addition to breastfeeding, nutritious foods should be included in children's diets from 6 months of age onwards. The results reported here support the importance of this guideline, but further strongly suggest that more emphasis be placed on increasing dietary diversity among all weaning age children.
Among these Kenyan children, dietary diversity was the strongest and most consistent predictor of anthropometric status. Few studies have examined this variable among weaning age children, but a similar relationship between dietary diversity and anthropometric status was reported in China. 16 Dietary quality, which is greatly enhanced by the inclusion of a variety of foods, is of critical importance to weaning age children; and after 12 months of age, it may be of greater importance than whether or not breastfeeding is continued.
Prolonged breastfeeding in developing countries has been promoted partly due to the protective role it plays against the consequences of diarrhoea.
3 ' 5 ' 26 In our study, diarrhoeal disease was, along with low dietary diversity, an important contributor to lower measures of the anthropometric indicators of current nutritional status (WH and TSF). However, this interacted with feeding method only for the latter; TSF was greater among children who were FW with low diarrhoeal morbidity than among all other combinations. Introduction of complementary foods is currently recommended for children between 4 and 6 months of age.
1 ' 2 In these Kenyan children, there is a strong tendency toward early introduction (during the first 3 months) of cereal gruels. UNICEF 27 has reported that fewer than 26% of infants aged 0-3 months in sub-Saharan Africa are exclusively breastfed. Early introduction of gruels is common throughout Africa and other developing countries. In Nigeria, most children are fed pap, from maize, sorghum or millet flour; 2829 in urban Ethiopia, atmit, a barley flour cereal; 30 and in Cambodia, a rice-based porridge, bobor?Ĝ rain-based foods are also important early weaning foods in Brazil; 32 and in Costa Rica. 33 The positive relationship between late cereal introduction and HA, and the negative interaction between early cereal introduction and prolonged breastfeeding seen in our results, suggest that the common practice of early introduction of cereal may have long-term negative effects.
In this population, breastfeeding under 12 months of age is almost universal, and this practice should dearly be encouraged. However, early introduction of complementary foods is common, with some evidence of detrimental effects. Efforts to discourage this early introduction of gruels may prove to be beneficial. For children over 12 months of age, breastfeeding status appears to be less important than the composition of the diet, suggesting that efforts to improve dietary diversity are likely to be very important to the improvement of nutritional status among these children.
